We relate Butikov's recent pedagogical analysis of Keplerian motions to our previous velocity-space analyses using the hodograph and the Hamilton vector.
In a recent contribution to this journal Butikov (2000) nicely describes the circularity of the velocity hodograph for every orbit in an inverse-squared centre of force. This undeservedly little known fact can be a very useful pedagogical device when taken together with a computer program such as that authored by Butikov (Butikov 1999) or the one we have suggested, 'The Geometer's Sketchpad 3 © ', in discussing how to use the hodograph to draw the orbits starting from initial conditions and using nothing more than geometric straight-edge and compass methods (González-Villanueva et al 1998a , Núñez-Yépez et al 1998 . The interesting discussion in Butikov (2000) was anticipated in our papers.
For example, in 1996 we discussed the circularity of the Kepler hodograph by integrating Newton's equation using essentially the method discussed in section II of Butikov (2000) ; the difference is that he uses a somewhat more intuitive method for the integration.
Butikov's approach can be useful to teach even interested high school students but we think its utility can be enhanced if it is coupled with our elementary geometrical technique for drawing the orbits starting from an initial position r 0 and an initial velocity v 0 . This is discussed in detail for the case of elliptic orbits in the González-Villanueva et al (1998a) and for the case of parabolic and hyperbolic orbits in Núñez-Yépez et al (1998) . Moreover, we can mention the approach in Moreno (1990) which also employs velocity-space arguments.
In our papers we have also discussed the existence of the constant Hamilton vector, called just w by Butikov, and we have related it to the Laplace-Runge-Lenz vector, A, through A = w × L where L is the angular momentum. Butikov's main argument can be stated formally as follows. Start with Newton's law for an inverse-squared attractive force
where M is the planet mass and m the satellite mass, G is Newton's gravitational constant and r the radial distance between the planet and the satellite. Next use the polar identitẏê φ = −φr/r, and the conservation of angular momentum to expressφ as L/mr 2 . We then can write equation (1) 
from which we obtain a vector constant
which we called the Hamilton vector (González-Villanueva 1996 and 1998a -c, Núñez-Yépez et al 1998 . Equation (3) shows clearly the circularity of the hodograph. 
We can also easily obtain the orbit by simply projecting w on the unit vectorê φ , to obtain
With students of a more advanced level in mind, we have also previously shown how the vector constant w can be useful for giving a velocity-space description of scattering processes (González-Villanueva et al 1998b). We accomplished that by defining the scattering cross section in velocity space as
where the last two expressions in (6) are valid just for the repulsive Kepler problem, better described as Coulomb scattering. In (6), α ≡ −GMm, ξ is the scattering angle, d is an element of solid angle, v ∞ = √ 2E/m is the projectile's asymptotic speed, and E is its energy. This description has also led to the development, for pedagogical purposes and using w, of an approximate classical method for studying scattering in a perturbed Coulomb field. It can be shown (González-Villanueva et al 1998c) that to a first approximation the scattering-angle changes, with respect to the unperturbed case, by δξ ξ = δw w .
where δξ is the total change in the scattering angle and δw the total change in the magnitude of the Hamilton vector produced by the perturbation during the whole scattering process (González-Villanueva et al 1998b,c) . Other useful relations employed by Butikov can also be obtained from our arguments (González-Villanueva et al 1996 and 1998a , Núñez-Yépez et al 1998 . We have also employed w in studying certain classical features of the Stark effect (CampuzanoCardona et al 1995) . Let us also mention that the expression for the circular velocity, v c , stated on page 301 of Butikov (2000) just before equation (5), has an extra m in it; it should read v c = √ GM/r P .
